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Experimental systems
Experiments at nominal elemental concentrations reported in Table 1 of the main text for Ni, NTA and EN in separate or mixed systems were done at pH 8 and salt background 50 mol·m -3 . Current concentrations in the bulk solution were determined with ICP-MS measurements. Values are reported in Table S1 Tables S2 and S3 are obtained. Table S3 . Speciation in SLS and in the mixture under the experimental conditions specified in Table S1 , using the speciation program Visual MINTEQ. Total concentrations were chosen to reach, in equilibrium, a negligible free metal concentration and to ensure that the accumulation is only due to the complex contribution. The effects of the mixture on the lability degree are then expected to be more noticeable. Moreover, pH 8 was selected since it leads to a free Ni concentration in the mixed system smaller than 1% of the total Ni concentration (See Table S1 ). A free Ni concentration corresponding to 3.9 % of the total is, for instance, predicted at pH 7.
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The lability degree of a given complex species changes in the presence of a mixture of ligands 1 . The change is more evident for partially labile complexes which can vary on both directions (increasing or decreasing lability) 2 . We have, then, included a partially labile complex in the mixture. Indeed, at ionic strength 50 mol m -3 , the complex NiNTA shows a partially labile behaviour 3 and the complex NiEN has a labile behaviour 4 .
Concentrations of the different solutions have been selected to keep common bulk concentrations of free metal, complex and free ligand in the mixture and in the corresponding SLS. We aim at using Table S3 , due to the experimental random errors, total concentrations used in the SLS do not lead to common bulk concentrations of free metal, complex and ligand than in the mixture. For instance, the NTA eff concentration in the SLS is close to three times the concentrations that it has in the mixture. An important part of this difference comes from the small change between the nominal concentrations indicated in Table 1 of the main text and those in the bulk solution measured by ICP-MS (Table S1 ) as can be confirmed with the speciation prediction of VMINTEQ.
According to the values in Table S3 , neglecting the ionic pairs, the desired values of total Ni and total NTA in the SLS are 9.745×10 -3 and 9.989×10 -3 mol·m -3 , respectively instead of those found in Table S1 . These small differences do not modify Table S1 and those reported in this paragraph.
6/22
For the NiEN system, the differences between the free EN eff concentration in the SLS and in the mixture increase. However, no effects are expected from this change, since EN eff is in excess of ligand conditions where the lability degree has been shown to be almost independent of the ligand concentration.
DGT deployment procedure 1.1 DGT pistons and cap mouldings were cleaned overnight where the following sequence was always assumed:they were soaked in 2% phosphate-free, surface-active detergent called DECON-90 supplied by Decon Laboratories Limited, Sussex, U.K. Afterwards, they remained in Milli-Q water at least one day. At that point,hey were washed with Milli-Q water until bubbles disappeared. 5 Then, they were cleaned using four 1 h 10% nitric acid (Analytical Reagent Grade, Fisher Chemical) soaks. Finally, they were rinsed with Milli-Q water until the pH is around 5.
Prior to the serial-time deployments, the assembled DGT samples were immersed for at least 18 hours in a pre-conditioning solution with the same pH and ionic strength as the test solution.
A 5 L polyethylene container, pre-cleaned by using three 24 h 10% HNO 3 soaks, was thermostated at 25.0 ± 0.1 °C controlled by a thermostatic bath where the test solution container was introduced and was stirred at 240 rpm using an overhead stirrer. To provide a well-stirred solution (to ensure that the diffusive boundary layer ,DBL, thickness is negligible compared with the total thickness summation of the filter and diffusive gel thickness [6] [7] [8] ), the solution was stirred continuously. Prior to deploying the DGT samplers in 2 L of test solution, the solution was stirring for at least 24 hours to equilibrate and the pH was adjusted to the desired value by adding diluted HNO 3 or NaOH as explained above. pH was measured during the deployment of the DGT sensors using a pH meter Orion 920A+ (Thermo Electron Corporation). Ultrapure water
with resistivity ≥ 18 µΩ cm (Synergy UV purification system Millipore) was used in all preparations. Three sets of triplicate DGT sensors were deployed in the solutions and retrieved after 8, 16 and 24 hours. 1 mL aliquots of the test solution were taken at regular intervals of time to control the total amount of metal. After deployment, the DGT samples were retrieved and then rinsed with Milli-Q water, the fitted cap was removed, and the resin layers were carefully placed into 1.5 mL micro-centrifuge PVC tubes. Metals were eluted from retrieved membranes by immersing them in 1 mL of 20% HNO 3 (TraceMetal Grade, Fisher Chemical) for at least 24 hours to allow an efficient metal extraction from the resin.
Samples were diluted 50-fold and deployment solutions and metal accumulations were analyzed by inductively coupled plasma mass spectrometry (ICP-MS, 7700 Series, Agilent).
The mass of the metal accumulated in the resin was calculated as,
where n is the amount of metal accumulated in the resin, c e is the concentration from ICP-MS measurements of the eluted resin gel (mol m -3 ), V e is the eluent volume, V g is the resin gel volume and f e is the elution factor, in this case 1 9 .
DGT accumulations 1.2
Accumulation results are shown in Figure S1 and S2 for SLS and Figure S3 for the mixture. The accumulated mass of Ni in devices with two resin layers, labelled front (F) and back (B), was converted to concentration by using Eqn. ( Table S1 . Error bars refer to standard deviations. 
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General Mathematical Formulation
For the range of concentrations used in this work, the relevant complexation reactions 
Fitting the experimental accumulations
For the simulations, it was assumed that the diffusion coefficients of ligands, protonated ligands and complexes are equal. The value of the diffusion coefficient of Ni was taken from 12 . For species involved in the buffer reaction (H, A, HA), the value for the diffusion coefficient was assumed very high, in comparison with the values for other species, to have an homogeneous pH value. Values for these coefficients are presented in Table S6 . Migration effects were considered using the partition model explained in 10 . The
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Boltzmann factor was measured experimentally as explained in the main manuscript.
For I=0.051 mol L -1 , a value of 2.0  was used in simulations.
Stability constants for reactions (S2) -(S8) were obtained from Visual MINTEQ 3.1.
Assuming that the formation/dissociation of NiEN is the rate limiting step in the stepwise complexation, the kinetic rate constants for the formation/dissociation of Ni(EN) 2 and Ni(EN) 3 Table S8 . Experimental and calculated accumulations for the fitted values of the kinetic constants are reported in Table S8a .
The system NiEN is almost fully labile. Accordingly, the accumulation is almost independent of the particular kinetic constant d,NiEN k and the lowest value approaching the accumulation within a 2% discrepancy was selected. Additionally, the stability 13/22 constant reported in Visual MINTEQ was used. Experimental and calculated accumulations for the fitted values of the kinetic constants are reported in Table S8b .
The kinetic and the stability constants for the reaction of Ni with the resin sites appearing in Eqn. (S9) were assumed high enough to simulate perfect sink conditions.
The set of parameters used in the complexation reactions NiNTA, NiEN and NiR are gathered in Table S7 . 
Formulation of the NiNTA and NiEN systems in terms of only one complex species.
A general scheme of the volume reactions in the systems NiNTA and NiEN is:
where M stands for Ni while L stands for either NTA or EN. k a,j and k d,j label the association and dissociation rate constants, respectively.
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Eqn. (S10) indicates that the metal can form different complex species of different M:L stoichiometric ratios which is the case of the reaction of Ni with EN, while L is also involved in acid-base equilibria, which applies to both NTA and EN.
We assume that i) the formation/dissociation of ML is the rate limiting step in the stepwise complexation of the metal M with the ligand L so that ML 2 and ML 3 can be instantaneously related to ML through the equilibrium relationships and ii) all the protonation reactions are fast enough to reach equilibrium instantaneously so that the acid base equilibrium relationships apply:
Under these conditions, defining the bound metal, M 
and H,i K stand for the association acid constants as indicated in Eqn. (S11).
Equations (S12) to (S16) are formally identical to a system with one ligand with 
The effective stability constant of the metal complexation with this formal ligand eff L c is:
The effective diffusion coefficients of the effective species are given by:
The case of NiNTA 4.1
Dependence of the lability degree on the ligand concentration in a single ligand system
The dependence of the lability degree on the ligand concentration is especially important for weak complexes, which tend to be labile in excess of ligand conditions and can become almost inert in non-excess of ligand conditions. Lability of strong complexes shows a more moderate dependence on the ligand concentration, since they tend to be already inert or partially labile even in excess of ligand conditions. Figure   S4a Figure S4 . 
